master committee), and the local internal review boards of all participating centers, and complies with the Helsinki declaration. The GRAS project comprises at present 1074 patients diagnosed with DSM-IV-TR schizophrenia (73.2%; all types, e.g. paranoid, disorganized, catatonic, and undifferentiated, proven or suspected), schizoaffective disorder (14.8%) and other psychotic disorders / yet to be confirmed (12.0%). Patients were included regardless of the stage of the disease (acute, chronic, residual, or remitted). All study participants and, if applicable, their legal representatives gave written informed consent (for more detailed information on the GRAS sample see Ribbe et al, 2010) ).
recognition performance score is calculated by subtracting the number of wrong answers from the number of correct answers. This test requires verbal learning and memory, as well as a certain degree of cognitive control to discriminate and select between target and distractor items (Helmstaedter et al, 2001) .
Divided attention (TAP) and alertness (TAP): 'Testbatterie zur Aufmerksamkeitsprüfung'
(TAP) is a computerized German test battery. The subtests divided attention (D3) and alertness (AL) were used. In the divided attention test, subjects are presented in parallel with a visual and an auditory task. They have to press a key as fast as possible whenever crosses presented on a screen build a square, and whenever two similar tones are presented in a row.
The number of valid reactions was used in this study. The alertness test is a measure for simple reaction time. In this test, subjects have to react as fast as possible by pressing a key whenever a cross appears on the screen (Zimmermann & Fimm, 1993) .
Tapping and dotting: Tapping and dotting are 'pencil and paper' tests from the MacQuarrie test for mechanical ability, and measure fine motor function, speed, and coordination. In the tapping test, subjects are requested to put into a series of circles 3 pencil dots each as fast as they can. In the dotting test, they are asked to put 1 pencil dot into a series of small circles as accurately and as fast as they can. In both tests, the number of circles completed after 30 seconds is counted (Chapman, 1948; MacQuarrie, 1925 MacQuarrie, , 1953 .
Premorbid Intelligence (MWT-B):
In the multiple choice vocabulary test (MWT-B, Lehrl, 1999) , subjects are asked without time restrictions to identify 1 correct word in a total of 37 lines, consisting of 5 words (1 real word and 4 pronounceable pseudo-words) each,. The MWT-B requires passive word recognition and represents a valid measurement for the premorbid intellectual level. It also correlates well with the global IQ (Lehrl et al, 1995) .
Positive and negative syndrome scale (PANSS) for schizophrenia:
The PANSS is a rating scale developed to measure symptom severity of schizophrenic patients. It consists of a total of 30 items, divided into the positive symptom scale, negative symptom scale, and general psychopathology scale (Kay et al, 1987) . The negative symptom scale of the PANSS was used as covariate to control for the influence of psychopathology on neuropsychological performance. It has been shown that negative symptoms correlate with cognitive performance in schizophrenia, while positive symptoms do not (Dominguez Mde et al, 2009; Nieuwenstein et al, 2001) .
Antipsychotic medication dose: Information on regular current medication was obtained directly from chart records or files at the collaborating centers. Antipsychotic medication dose was expressed in chlorpromazine equivalents (Davis, 1976) . Chlorpromazine equivalents relate the neuroleptic potency of a compound to that of chlorpromazine in order to obtain comparable units across different medications. Chlorpromazine equivalence factors were taken from the literature or directly obtained from pharmaceutical companies.
Genotyping:
DNA Extraction and Normalization: Genomic DNA was purified from whole blood using JETQUICK Blood & Cell Culture DNA Spin Kit (Genomed GmbH, Löhne, Germany) according to the manufacturer's protocol. Resulting DNA samples were aliquoted and stored at -80°C. For further analysis, DNA was normalized to 50ng/µl with an automated robotic platform (Microlab Star, Hamilton, Bonaduz, Switzerland) . For quality control, each sample was analyzed with a 0.8% agarose gel.
Analysis of CAG repeat:
The polymorphic CAG repeat in exon1 of hKCNN3 was amplified from genomic DNA by PCR. Primers were chosen according to Austin and colleagues (Austin et al, 1999) , resulting in a PCR fragment of ~121bp: forward 5´-FAM CAG CAG CCC CTG GGA CCC TCG C-3´ / reverse 5´-GGA GTT GGG CGA GCT GAG ACA G-3´.
For each sample, the reaction mixture (20µL) was prepared in 384 well plates, each containing 50ng of human genomic DNA, NH 4 Buffer (1x), 125µM dNTPs, 2.5mM MgCl 2 , 200nM FAM-labeled forward and reverse primers, and 1U Diamond polymerase (Bioline,
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Luckenwalde, Germany). The cycling program was carried out after a preheating step at 94°C for 5min and included 30 cycles of (1) denaturation at 94°C for 30s, (2) annealing at 65°C for 30s and (3) extension at 72°C for 60s in a DNA Thermal Cycler BioRad, Munich, Germany) . The amplicons were separated using size electrophoresis on the ABI 3730 XL DNA Analyzer (Applied Biosystems, Foster City, USA). Samples were diluted 1:50 with 0.3mM EDTA and 4µl were mixed with 6µl LIZ-500 Size Standard (Applied Biosystems). Raw data were processed using the Gene Mapper Software 4.0 (Applied Biosystems).
Mouse study
Animals: All experiments have been approved by the local Animal Care and Use Committee.
The establishment of a transgenic mouse line with overexpression of the Kcnn3 gene (here called SK3 T/T) has been reported elsewhere (Bond et al, 2000) . SK3 T/T mice have been backcrossed for more then 15 generations with C57BL/6J mice by a commercial breeder (The Jackson Laboratory, Bar Harbor, Maine 04609 USA). We obtained 3 heterozygous SK3 T/T founders as a gift from J.P. Adelman and C.T. Bond (Vollum Institute, OHSU, Portland, OR) and performed another 5 backcrosses with C57BL/6J mice before onset of extensive breeding for behavioral experiments. Taken into account that after 20 backcrosses, a SK3 T/T mouse has a widely homogeneous C57BL/6J genetic background, we bred mice for experiments by crossing heterozygous females with heterozygous, homozygous and wildtype males in order to obtain a large amount of SK3 T/T and WT males within a short time window. Mice were housed individually in standard plastic cages and maintained in a temperature-controlled environment (21±2°C) on a 12h light/dark cycle with food and water ad libitum. All experiments have been approved by the local Animal Care and Use Committee.
Mouse behavioral testing:
Male wildtype and SK3 T/T mice (littermates) were started at the age of 4 months on a battery of behavioral tests, performed in the following order: elevated plus maze, open field, hole board, rota-rod, pre-pulse inhibition, social interaction, sucrose preference, Morris water maze and fear conditioning. Additionally, the initial latency to reach the wall from the center was recorded.
Hole board:
The hole board test measures exploratory activity. The apparatus (TSE, Bad Homburg, Germany) consisted of a 50cm×50cm×35cm transparent perspex chamber with a non-transparent floor raised above the bottom of the chamber. The floor had 16 equally spaced holes, 2.4cm in diameter that were fitted with the light barrier sensor (8mm below the floor). Mice were allowed to explore the chamber for 5 min and the number of explored holes (head dips) was recorded by a PC equipped with the hole board software.
Rota-rod:
Rota-rod is a test for motor function, balance and coordination, and comprises a rotating drum (Ugo Basile, Comerio, Varese, Italy) which is accelerated from 4 to 40 revolutions per minute over the course of 5min. Each mouse was placed individually on a drum and the latency of falling from the drum was recorded using a stop-watch. To assess motor learning, the rota-rod test was repeated 24h later.
Pre-pulse inhibition:
Pre-pulse inhibition of the startle response was measured in a 4-station testing system (TSE). An experimental session consisted of a 2min habituation to the 65dB background white noise (continuous throughout the session), followed by a baseline recording for 1min at background noise. After baseline recording, 6 pulse alone trials using the startle stimuli of 120dB intensity and 40ms duration were applied to decrease the influence of within-session habituation (data not included in analysis of PPI). For tests of PPI, the 120dB/40ms startle pulse was applied either alone or preceded by a pre-pulse stimulus of 70, 75 and 80dB intensity and 20ms duration. An interval of 100ms with background white noise was employed between each pre-pulse and pulse stimulus. All trials were presented in a pseudorandom order with an interval ranging from 8s to 22s. Amplitudes of the startle response were averaged for each individual animal, separately for both types of trials (stimulus alone, stimulus preceded by a pre-pulse). PPI was calculated as a percentage of the startle response using the formula: % pre-pulse inhibition = 100 -[(startle amplitude to pulse after pre-pulse)/(startle amplitude after pulse only) x 100].
Sociability and social memory test:
Sociability and social memory test was performed in rectangular perspex box that was divided with 2 transparent walls, forming 3 chambers (each: S7 20cmx40cmx22cm). Dividing walls had rectangular openings (5cm wide) allowing access into each chamber. First, during the habituation phase, the openings were closed and the experimental mouse was placed in the middle chamber and allowed to explore it for 5min.
After the habituation period, the sociability test was performed. For this purpose, an unfamiliar C57BL/6J male mouse (stranger 1) was placed in one of the side chambers. This mouse was enclosed in a small (7.5cmx11.5cmx7.5cm) wire cage, which allowed nose contact between two mice but prevented fighting. An identical empty wire cage was placed in the opposite chamber. Both openings to the side chambers were then opened and the experimental mouse was allowed to freely explore the entire box for 10 min. The time spent in each chamber and the number of entries into each chamber were recorded by the videotracking system 'Viewer'. Subsequently, the social memory test was performed. A second, unfamiliar mouse (stranger 2) was placed into the previously empty wire cage and the experimental mouse had again free access to all chambers for 10 min and could choose between the first, already explored mouse (stranger 1), and the novel unfamiliar mouse (stranger 2). All mice used as strangers had been previously habituated to the placement in the small wire cage and had no prior contact with the experimental mice.
Sucrose preference test:
Mice were first habituated to 1% sucrose solution which was given in their home cages for 48h. During the sucrose preference test, mice had free access for 24h to two bottles, one with tap water and one with sucrose solution. Consumption of water or sucrose solution was measured by weighing the bottles before and after the session. Sucrose preference was calculated as follows: Preference = [sucrose solution intake / total fluid intake]*100.
Morris water maze: Spatial learning and memory was assessed in a water maze (Morris, 1984) . A large circular tank (diameter 1.2m, depth 0.4m) was filled with opaque water (25±1°C, depth 0.3m) and the escape platform (10cmx10cm) was submerged 1cm below the surface. The swim patterns were monitored by an overhead video camera and a PC equipped with 'Viewer' software. The escape latency, swim speed, path length, and trajectory of swimming were recorded for each mouse. During the first 2 days, mice were trained to swim to a clearly visible platform (visible platform task) that was marked with a 15cm high black flag and placed pseudorandomly in different locations across trials (non-spatial training). The extra-maze cues were hidden during these trials. After 2 days of visible platform training, hidden platform training (spatial training) was performed. For 8 days, mice were trained to find a hidden platform (i.e., the flag was removed) that was located in the center of 1 of the 4 quadrants of the pool. The location of the platform was fixed throughout testing. Mice had to S8 navigate using extra-maze cues that were placed on the walls of the testing room. Every day, mice went through four trials with an inter-trial interval of 5min. The mice were placed into the pool facing the side wall randomly at one of four start locations and allowed to swim until they found the platform, or for a maximum of 90s. Any mouse that failed to find the platform within 90s was guided to the platform. The animal then remained on the platform for 20s before being removed from the pool. The day after completion of the hidden platform training, a probe trial was conducted to determine whether mice used a spatial strategy to find the platform. The platform was removed from the pool and the mice were allowed to swim freely for 90s. The percentage of time spent in each quadrant of the pool as well as the number of times the mice crossed the former position of the hidden platform were recorded.
Fear conditioning: Mice were trained within the same session for both contextual and cued fear conditioning. After a 2min period, during which baseline freezing was assessed, mice received 2 paired presentations of a 10s, 5kHz, 85dB tone (conditioned stimulus, CS) and a 2s, 0.4mA foot shock (unconditioned stimulus, US). The contextual memory was assessed 72h after the training. Mice were monitored over 2min for freezing in the same conditioning chamber. The cued memory test was performed 4h later. For this purpose, mice were placed in a new chamber with novel visual cues and baseline freezing (pre-cue) was measured for 2min. Thereafter, a 85dB tone (conditioned stimulus, CS) was presented for 2min and freezing upon tone was quantified. Duration of freezing behavior, defined as the absolute lack of movement (excluding respiratory movements), was recorded by a video camera and a PC equipped with 'Video Freeze' software (MED Associates, St. Albans, Vermont, USA).
Immunohistochemistry:
Mice were killed by CO 2 inhalation and decapitated. Brains were removed and fixed for 3 days in 4% w/v paraformaldehyde in phosphate-buffered saline (PBS), pH 7.4 at 4°C, followed by paraffin embedding. Brains were serially cut in the sagittal plane at 7µm thickness with a microtome (Model RM2255, Leica, Wetzlar, Germany) and collected on positively charged slides. The plane of sectioning was oriented to match the drawings of the mouse brain atlas (Paxinos & Franklin, 2001) . Following deparaffinizing, tissue sections were washed with Tris-buffered saline (TBS) for 5 min and incubated with peroxidase block for 15min at room temperature. After washing with TBS 3 times, the non-specific binding sites were blocked using 10% BSA in TBS for 30min at room temperature. Slides were then incubated for 3h at room temperature with rabbit polyclonal anti-SK3 antibody (Alomone, Jersualem, Israel; dilution 1:120 v/v), followed by 3 washes for 3min each with TBS and S9 incubation with peroxidase labeled polymer anti-rabbit antibody (Envision HRP System/DAB for rabbit primary antibodies, DAKO, Glostrup, Denmark) for 30min at room temperature.
SK3 staining was visualized with peroxidase and 3,3`-diaminobenzidine chromogen solution.
Sections were dehydrated and mounted with xylene-based balsam (Permount, Fisher Scientific, Waltham, USA). The following negative controls were performed: (a) replacement of primary antibody by normal rabbit serum; (b) pre-adsorption of the antibody to the corresponding fusion protein (1µg peptide per 1µg antibody). Brightfield images were obtained with an Axiovert 200M microscope (Zeiss, Oberkochen, Germany) equipped with a digital camera (AxioCamHR, Zeiss).
Western blot:
Tissues samples were homogenized in lysis buffer (75mM NaCl, 25mM TrisHCl pH 7.5, 0.5% Triton X-100, 2.5mM EDTA pH 8.0) with complete protease inhibitor cocktail (Roche Diagnostics, Basel, Switzerland), lysed on ice for 20min, and centrifuged at 4°C for 30min at 13000rpm. The supernatant was then stored at -80°C. Protein concentrations were measured using a Bradford based detergent-compatible colorimetric assay (BioRad). Laemmli sample buffer (Laemmli, 1970) was added to the samples, samples were boiled, and 50µg of total protein per lane was loaded onto SDS-PAGE gels. Proteins were separated by SDS-PAGE on an 8% polyacrylamide gel before electroblotting onto PVDF Membrane (Bio-Rad) at pH 10.
The membrane was blocked with 5% nonfat milk in TBS 0.1% Tween-20 (TBST) for 4h at 4°C before incubation with rabbit polyclonal anti-SK3 antibody (Alomone, 1:2500) in blocking buffer overnight at 4°C and before incubation with the mouse monoclonal anti-beta actin antibody (Abcam, Cambridge, UK, 1:10000) in blocking buffer for 1h at RT. The membrane was washed 3 times in TBST for 10min, and incubated with the appropriate horseradish-peroxidase-conjugated secondary antibody (sheep anti-mouse IgG: 1:10000 dilution and donkey anti-rabbit IgG: 1:10000 dilution, GE Healthcare, Munich, Germany) in blocking buffer for 1h at room temperature. The membrane was washed 2 times in TBST and once in TBS for 10min. Immunoreactivity was visualized by chemoluminescence (ECL, Millipore, Billerica, USA) and quantified by the Quantity One analysis software (Bio-Rad). S10
In vitro analysis
Cloning procedure: The cDNA vector encoding eGFP-labeled SK3 was kindly provided by H.Wulff, UC Davis, CA. The different length of CAG repeats (11, 18 and 24) were PCR amplified from respective human samples. The following primers were used: hSK3_CAG forward: 5'-CTTCGAATTCCATGGACACTTCTGGGCACTTC -3'; hSK3_CAG reverse: 5'-TGTCCCGCCGGTGCACCAGG -3'. The cloning into the vector was performed using EcoRI and SgrAI restriction sites. The resulting constructs eGFPhSK3(CAG) 11 , eGFPhSK3(CAG) 18 , eGFPhSK3(CAG) 24 were verified by sequencing. To analyze a potential influence of the eGFP tag on channel function, we also constructed vectors without tag. Therefore, the eGFP sequence was sequentially cut out with AgeI and BspEI, resulting in the constructs hSK3(CAG) 11 , hSK3(CAG) 18 , hSK3(CAG) 24 .
Transfection: For electrophysiological experiments, cells were transfected using
Lipofectamine 2000 (Invitrogen, Karlsruhe, Germany) following the manufacturer's guidelines. Stable cell pools were obtained by selection with 300µg/mL G-418 (Invitrogen).
There was no detectable difference in terms of electrophysiological characteristics between transiently (detected through eGFP fluorescence) and stably transfected cells. Transfected cells were grown for 24-72h on fibronectin-coated glass cover slips. Representative fluorescence images of living cells were taken under an epifluorescence microscope; nuclei were stained with Hoechst33342 (Invitrogen). hSK3(CAG) 11 , hSK3(CAG) 18 , and hSK3(CAG) 24 were measured in transiently transfected cells only.
Electrophysiology: All measurements were conducted by a blinded investigator.
Electrophysiological experiments were performed at room temperature. Macroscopic currents were recorded in the whole-cell configuration of the patch-clamp technique (Hamill et al, 1981) using an EPC-9 amplifier (HEKA, Lambrecht, Germany). Patch pipettes with a tip resistance of 1.5-2MΩ were made from Corning #0010 capillary glass (WPI, Berlin, Germany). Series resistance was compensated by 60-80%. Both series resistance and total cell capacity were determined by automatic cancellation of capacity transients. The internal solution contained (in mM) 160KCl, 0.5MgCl 2 , 10EGTA, 9.5CaCl 2 , (free Ca 2+ 1.03µM), 10Hepes/KOH pH 7.35. The control external recording solution contained (in mM) 160NaCl, 2.5KCl, 2CaCl 2 , 1MgCl 2 , 8glucose, 10HEPES/NaOH, pH 7.4. Apamin (100nM, Alomone) was added to the control external solution from a 50µM stock, and cells were superfused with the apamin-containing solution using a focal perfusion system (ALA scientific instruments, Farmingdale, NY). Currents elicited by a 500ms voltage ramp from -80 to +80mV were digitized at 4kHz. Apamin-sensitive currents were determined by off-line subtraction of traces obtained in the presence of apamin from control traces, using FitMaster (HEKA) and IgorPro (WaveMetrics, Lake Oswego, OR). Data shown in text and legends represent mean±s.e.m. for the indicated number of experiments. To fit the data, we used a linear current/voltage function with a positive block with the form:
where G is the overall conductance, V E is the equilibrium potential (-107mV under our experimental conditions for a K + -selective channel), V b is the voltage at which half-maximal block occurs and k is the slope of the blocking function.
Western blot confirmation of glutamine repeat lengths:
Experiments were performed using rabbit polyclonal anti-SK3 (Alomone, 1:2500) and mouse monoclonal anti-α-tubulin antibodies (SIGMA-Aldrich, Taufkirchen, Germany, 1:20000) and appropriate horseradishperoxidase-conjugated secondary antibodies (anti-rabbit IgG: 1:5000 and anti-mouse IgG:
1:10000, SIGMA-Aldrich). Immunoreactivity was visualized by chemoluminescence (ECL, Millipore).
Statistical analyses
Case-control study: The sum of allelic repeat lengths of all individuals was analyzed. To account for the degree of heterogeneity between the 2 alleles, the difference between the allelic repeat lengths was also calculated. p values for the distribution of genotypes among schizophrenic and control samples were determined by Monte Carlo tests with Clump software (Sham & Curtis, 1995) . (http://www.mds.qmw.ac.uk/statgen/dcurtis/software.html).
This program derives a χ 2 value from a 2xm table by 'clumping' columns together into a new 2x2 table in a way designed to maximize the χ 2 value. The unbiased significance is assessed by a Monte Carlo approach generating 2xm tables with the same row and column totals as the original table, clumping them into 2x2 tables to produce maximal χ 2 values, and counting the number of times the χ 2 value of the clumped real table is achieved or exceeded by the randomly simulated data.
PGAS:
Statistical analyses were performed using R2.10.0 (http://cran.r-project.org). All cognitive phenotypes were represented such that larger values correspond to better performance: For this purpose, a sign change was applied to all excecution times. After selection of the relevant subsample (see below), metric target and control phenotypic variables were standardized by Blom transformation (Blom, 1958) prior to statistical analysis.
The Blom transformation is a probit transformation of the ranks r i obtained on all n available (non-missing) values of a specific phenotype, ( )
Φ is the quantile function of the standard normal distribution. The resulting standardized phenotypes are normally distributed with zero mean and variance one. They were analyzed by linear models, adjusting for covariates sex and age, additionally for medication (all cognitive phenotypes, PANSS-positive and negative control variables) and for negative symptoms (all cognitive phenotypes). The influence of allelic repeat length sum was studied by a regression model (main table 1) and by a classification model (Table S2 ). The regression model estimates the change of the covariate-adjusted mean phenotype value per additional repeat in the sum of repeat lengths of the two alleles. We excluded rare extreme observations of allelic repeat length sum from the regression analysis and non-native German speakers with language problems.
The classification model estimates and tests the difference in the covariate-adjusted phenotype means between groups with low (below-median) and high (above-median) allelic repeat length sum. The sample median of allelic repeat length sum was 35. Individuals with this value were excluded from the classification analysis as well as non-native German speakers with language problems. Multiple testing adjusted significant thresholds were determined by Average apaminsensitive current amplitude (normalized versus the corresponding current maximum) for clones hSK3(CAG) 11 (green) , hSK3(CAG) 18 (blue) and hSK3(CAG) 24 (red). The black line represents the fit to an I/V function with voltage dependent block. Voltage for half-maximal block was 86.1 ± 0.08mV, 44.4 ± 0.02mV (n=7) and 25.9 ± 0.07mV (n=7) for hSK3(CAG) 11, hSK3(CAG) 18 Shown are the counts of all observed individual combinations for the difference and sum of allelic repeat lengths of the 2 alleles in schizophrenic patients without language problems (n=973). Empty cells are given in case of no observations. Regression analysis was applied to the shaded region of sum values (ranging from 28 to 40), omitting rare observations with extreme sum values. The reason for this exclusion is that the power of the regression analysis is optimal when the analysis is focused on the range of sum values where the transition between good and poor functioning of the SK3 channel occurs. Extreme sum values were rare and not expected to be part of this transition region. For classification analysis, the median sum value of 35 (darker shade) was omitted, contrasting the 2 groups with low (below-median) versus high (above-median) sum values and including rare extremes. The reason behind the exclusion of the median sum value is that the power of the classification analysis is optimal when only groups with good and poor channel function are compared, omitting sum values of the transition region. Association analyses of low (below-median; <35) versus high (above-median; >35) allelic repeat lengths sum with mean value of target and control phenotypes. Omitted were individuals with sample median repeat lengths sum 35 (n=177) and non-native German speakers with language problems (n=87), to give a total of n=796 to be analyzed. Phenotypes were adjusted for sex and age, for medication (all cognitive phenotypes, PANSS-positive, PANSS-negative) and for negative symptoms (all cognitive phenotypes). All phenotypes were standardized to zero mean and variance one: larger values for cognitive phenotypes correspond to better performance. Like Cohen's d, the genetically induced effect size (class mean difference) is quantified relative to the standard deviation of the trait. 
Difference in class means

